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CONTROL METHOD AND SYSTEM FOR
PHOTOVOLTAIC INVERTERS WHOSE AC
SIDES ARE CONNECTED IN PARALLEL

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the priority to Chinese

Patent Application No. 201410852886.2, titled “CONTROL
METHOD AND SYSTEM FOR PHOTOVOLTAIC
INVERTERS WHOSE AC SIDES ARE CONNECTED IN
PARALLFEL”, filed on Dec. 31, 2014 with the State Intel-
lectual Property Oflice of People’s Republic of China, which
1s incorporated herein by reference in its entirety.

FIELD

The disclosure relates to the technical field of photovol-
taic power generation, and in particular to a control method
and system for photovoltaic inverters whose alternating
current (AC) sides are connected 1n parallel.

BACKGROUND

With the increasing capacity of the new energy power
plant, 1n order to achieve an optimal configuration of capac-
ity of a grid-tied inverter, and to implement a solution of a
megawatt system, parallel connection of inverters has
become the trend of technical development. Parallel con-
nection of AC sides of iverters has the following advan-
tages.

A double split transformer at the AC side may be replaced
by a two-winding transformer to reduce investment costs of
the system, which retains original maximum power point
tracking (MPPT), and has few modifications to the layout
and structure of the system.

Referring to FIG. 1, a schematic diagram of inverters
whose AC sides are connected 1n parallel in the conventional
technology 1s shown.

PV1 to PVN are N PV arrays, that 1s an input terminal of
cach inverter 1s connected with an output terminal of a
respective PV array, the first inverter to the Nth inverter are
N 1mverters connected 1n parallel, the first filter to the Nth
filter are N AC filters for the N 1nverters, and T 1s a
two-winding transiormer.

An AC bus 1s shared by the AC sides of the imnverters, and
DC sides of the inverters are connected to independent PV
arrays respectively, thus N-way maximum power point
tracking MPPT are performed, that 1s, MPPT of each
inverter 1s performed independently.

Regardless of the advantages of the mverters whose AC
sides are connected in parallel, the positive terminal and the
negative terminal of the PV array have parasitic capaci-
tances to ground, such that there 1s a coupling at a respective
DC side of each mverter thereby forming a common-mode
loop and causing a problem of common-mode circulation
current. Referring to FIG. 2, a schematic diagram of a
common-mode loop corresponding to the system shown 1n
FIG. 1 1s shown, where Cp/ntgl 1s a parasitic capacitance of
PV1 to ground, Cp/ntg2 1s a parasitic capacitance of PV2 to
ground. It can be seen that two inverters connected 1n
parallel are coupled with each other through the parasitic
capacitances to form a common-mode loop.

Therefore, 1t 1s a need for those skilled 1n the art to provide
a control method and system for photovoltaic nverters
whose AC sides connected 1n parallel, to restrain the prob-
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lem of the common-mode loop for the system in which the
AC sides of the inverters are connected 1n parallel.

SUMMARY

The present disclosure 1s to provide a control method and
system for photovoltaic inverters whose AC sides connected
in parallel, to solve the problem of the common-mode loop
for the system in which the AC sides of the inverters are
connected 1n parallel.

According to the embodiments of the disclosure, there 1s
provided a control method for photovoltaic inverters whose
AC sides connected 1n parallel, which 1s applied to a system
in which AC sides of the inverters are connected 1n parallel
and DC sides of the mverters are independent from each
other, where the system includes at least two inverters, 1.e.,
a first inverter and a second inverter, where an input terminal
of the first mverter 1s connected with a first PV array, an
input terminal of the second inverter 1s connected with a
second PV array, the first PV array and the second PV array
cach have a parasitic capacitance to ground, and the first
inverter 1s coupled with the second inverter through the
parasitic capacitances, to form a common-mode loop. The
method includes:

detecting a first direct voltage of the first inverter and a

second direct voltage of the second inverter;
obtaining a difference between the first direct voltage and
the second direct voltage; and

adjusting the direct voltages of the mnverters to control the

difference to be within a predetermined range and to
control a common-mode voltage in the common-mode
loop to be within a predetermined common-mode volt-
age range.

Preferably, the obtaining a difference between the first
direct voltage and the second direct voltage; and adjusting
the direct voltages of the inverters to control the difference
to be within a predetermined range includes:

obtaining an absolute value of the difference between the

first direct voltage and the second direct voltage, and
adjusting the direct voltages of the inverters to control
the absolute value to be smaller than a predetermined
voltage.

Preferably, the first inverter 1s a host mverter, and the
second 1nverter 1s a slave inverter; and

the control the absolute value to be smaller than a pre-

determined voltage includes:

adjusting the direct voltage of the slave inverter based on

the direct voltage of the host inverter to control the
absolute value to be smaller than the predetermined
voltage.

Preferably, before receiving the direct voltage of the host
inverter transmitted from the host inverter, the method
further includes:

controlling a carrier wave of the host mverter to be

synchronized with a carrier wave of the slave inverter
to control a phase of the common-mode voltage to be
within a predetermined phase range.

According to the embodiments of the disclosure, there 1s
provided a control apparatus for photovoltaic inverters
whose AD sides are connected 1n parallel, which includes: a
detection unit, a difference obtaining unit and a control unit;
where

the detection umit 1s configured to detect a first direct

voltage of a first inverter and a second direct voltage of
a second 1nverter;
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the difference obtaiming unit 1s configured to obtain a
difference between the first direct voltage and the
second direct voltage; and

the control unit 1s configured to adjust the direct voltages
ol the inverters to control the difference to be within a
predetermined range.

Preferably, the difference obtaining unit includes an abso-

lute value obtaining sub-unait;

where the absolute value obtaiming sub-unit 1s configured
to obtain an absolute value of the difference between
the first direct voltage and the second direct voltage;
and

the control unit includes a control sub-unit configured to
adjust the direct voltages of the inverters to control the
absolute value to be smaller than a predetermined
voltage.

Preferably, the control sub-unit includes a following sub-
unit configured to adjust a direct voltage of a slave inverter
based on a direct voltage of a host iverter to control the
absolute value to be smaller than the predetermined voltage.

According to the embodiments of the disclosure, there 1s
turther provided a system 1n which AC sides of inverters are
connected 1n parallel, which includes: at least two 1inverters
1.e., a first mverter and a second inverter, where an 1nput
terminal of the first inverter 1s connected with a first PV
array, an 1mput terminal of the second inverter 1s connected
with a second PV array, the first PV array and the second PV
array each have a parasitic capacitance to ground, and the
first inverter 1s coupled with the second 1nverter through the
parasitic capacitances to form a common-mode loop.

the AC side of the first mnverter and the AC side of the
second mverter are connected 1n parallel, and a DC side
of the first inverter 1s independent from a DC side of the
second 1nverter;

the first inverter functions as a host inverter, and the
second 1nverter functions as a slave inverter;

the host inverter 1s configured to transmit a direct voltage
of the host inverter to the slave inverter; and

the slave inverter 1s configured to obtain a difference
between the direct voltage of the host mverter and a
direct voltage of the slave inverter, and adjust the direct
voltage of the slave inverter to control the difference to
be within a predetermined range and to control a
common-mode voltage in the common-mode loop to be
within a predetermined common-mode voltage range.

Preferably, a carrier wave of the host inverter 1s controlled
to be synchronized with a carrier wave of the slave inverter
to control a phase of the common-mode voltage to be within
a predetermined phase range.

Preferably, the slave inverter 1s configured to obtain an
absolute value of the diflerence between the direct voltage of
the host inverter and the direct voltage of the slave mverter,
and operate based on the direct voltage of the host inverter
to control the absolute value to be smaller than a predeter-
mined voltage.

As compared with the conventional technology, the pres-
ent disclosure has the following advantages.

In the conventional technology, inverters whose DC sides
are independent from each other perform respective MPPTs
such that the inverters may have significantly different direct
voltages, therefore there 1s a common-mode circulation
current. In the method according to the present disclosure,
control 1s performed on a basis that MPPTs are indepen-
dently performed on respective inverters connected 1n par-
allel, on a premise that a difference between direct operation
voltages meets a predetermined condition. That 1s, the DC
voltages of the mverters connected in parallel are detected,
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the difference between direct voltages of 1nverters 1s
obtained, and the difference 1s controlled to be within a
predetermined range by adjusting the direct voltages at
which the inverters operate. In this way, the smaller the
difference between direct voltages of the mverters 1s, the
smaller the common-mode voltage difference between the
inverters 1s, and the smaller the common-mode current 1is,
thereby restraining the common-mode circulation current
between the inverters. It may be understood that, direct
voltages at which the inverters operate are the same 1n a case
that the difference 1s 0, which indicates that there 1s no
common-mode current between inverters. In practice, gen-
crally the mverters operate at slightly different direct volt-
ages. In a case that the difference between the direct voltages
1s within a predetermined range, a common-mode current
corresponding thereto 1s acceptable. In a case that the
difference 1s outside the predetermined range, it 1s indicated
that the common-mode current 1s large, which 1s a serious
problem and needs to be controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

To 1llustrate technical solutions according to embodi-
ments of the disclosure or 1n the conventional technology
more clearly, the following briefly describes the drawings
according to embodiments of the disclosure. Apparently, the
drawings are only some embodiments of the present disclo-
sure, and other drawings may be obtained by those skilled 1n
the art according to those drawings without creative efforts.

FIG. 1 1s a schematic diagram of inverters whose AC sides
are connected 1n parallel in the conventional technology;

FIG. 2 1s a schematic diagram of a common-mode loop
corresponding to the system shown i FIG. 1;

FIG. 3 1s a flow chart of a control method for photovoltaic
inverters whose AC sides are connected in parallel according
to a first method embodiment of the disclosure;

FIG. 4 15 a flow chart of a control method for photovoltaic
inverters whose AC sides are connected 1n parallel according
to a second method embodiment of the disclosure:

FIG. 5 1s a schematic diagram of a control apparatus for
photovoltaic inverters whose AC sides are connected in
parallel according to a first apparatus embodiment of the
disclosure:

FIG. 6 1s a schematic diagram of a control apparatus for
photovoltaic inverters whose AC sides are connected in

parallel according to a second apparatus embodiment of the
disclosure; and

FIG. 7 1s a schematic diagram of a system 1n which AC
sides of photovoltaic inverters are connected in parallel
according to a first system embodiment of the disclosure.

L1l

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The technical solutions of embodiments of the disclosure
will be illustrated clearly and completely 1n conjunction with
the drawings of the embodiments of the disclosure. Appar-
ently, the described embodiments are only a few embodi-
ments rather than all embodiments of the disclosure. Any
other embodiments obtained by those skilled 1n the art on the
basis of the embodiments of the present disclosure without
creative work will fall within the scope of the present
disclosure.

To make the objectives, features and advantages of the
disclosure more obvious and more understandable, the
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embodiments of the disclosure are described in detail 1n
conjunction with the drawings as follows.

First Method Embodiment

FIG. 3 shows a flow chart of a control method for
photovoltaic inverters whose AC sides are connected in
parallel according to a first method embodiment of the
disclosure.

The control method for photovoltaic mnverters whose AC
sides are connected in parallel 1s provided according to the
embodiment of the disclosure, which 1s applied to an
inverter system in which AC sides of inverters are connected
in parallel, and DC sides of the mverters are independent
from each other, where the system includes at least two
inverters, 1.e., a first inverter and a second 1nverter, where an
input terminal of the first inverter 1s connected with a first
PV array, an mput terminal of the second inverter 1s con-
nected with a second PV array, the first PV array and the
second PV array each have a parasitic capacitance to ground,
and the first inverter 1s coupled with the second inverter
through the parasitic capacitances, which forms a common-
mode loop.

The method includes the following steps S301 to S303.

In step S301, a first direct voltage of the first inverter and
a second direct voltage of the second inverter are detected.

It should be noted that, each inverter operates with a
respective direct voltage since the DC sides of the inverter
are independent from each other.

In step S302, a difference between the first direct voltage
and the second direct voltage 1s obtained.

There 1s a common-mode current between two 1inverters 1t
there 1s a difference between direct voltages of these two
inverters. Referring to FIG. 2, the formation process of the
common-mode current 1s described as follows.

According to the Ohm’s law, a current 1n a loop may be
represented as,

Unm
_X_,:,

IC-"I" (1)

where I_, 1s a common-mode circulation current, U_ 1s a
common-mode voltage of the loop, X_ 1s a common-
mode 1mpedance of the loop. It can be seen from
equation (1) that the common-mode circulation current
may be reduced by:

(1) reducing the common-mode voltage of the common-
mode loop; or

(2) 1increasing the common-mode impedance of the com-
mon-mode loop.

Since the common-mode 1mpedance of the common-
mode loop 1s related to parasitic parameters of the PV array
to ground and can not be calculated accurately, which 1s
inconvement for the system design, the common-mode
circulation current 1s reduced by reducing the common-
mode voltage of the common-mode loop 1n the disclosure.

U_ 1s the common-mode voltage of the loop. For the
system 1n which inverters are connected 1n parallel, U may
be expressed as a common-mode voltage diflerence between
inverters connected 1n parallel. A case that the system
includes two inverters 1s taken as an example, where the

common-mode voltage may be represented by equation (2),
U =Vo1(6)-Vo2(2) (2)

where V, (1) 1s a common-mode voltage of the first inverter,
V-(1) 1s a common-mode voltage of the second inverter. It
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can be seen that, U_ 1s related to amplitudes and phases of
V,,(t) and V,(t). It 1s assumed that V,,(t) and V,(t) have

a same amplitude and a same phase, then U _ 1s O, in this
case, the common-mode circulation current 1s unrelated to
the common-mode impedance, thereby restricting the com-
mon-mode circulation current.

In step S303, the direct voltages of the inverters are
adjusted to control the difference to be within a predeter-
mined range, to control the common-mode voltage 1n the
common-mode loop to be within a predetermined common-
mode voltage range.

It may be understood that, the direct voltage of each of the
inverters may be adjusted, or the direct voltage of one of the
iverters may be taken as a basis, and a direct voltage of the
other mverter may be adjusted.

According to the present embodiment, the difference
between direct voltages of the mverters 1s controlled to be
within the predetermined range. It can be seen from equation
(2), that the smaller the difference between the two voltages
1s, the smaller the common-mode voltage diflerence 1s.

In the conventional technology, each of the inverters
whose AC sides are connected 1n parallel and DC sides are
independent from each other performs a respective MPPT,
therefore each of the mverters operates at a direct voltage
corresponding to a respective maximum power point, such
that there may be a big difference between direct voltages of
the mverters. For example, an iverter operates at a direct
voltage of 500 V, while another inverter operates at a direct
voltage of 600 V, such that a common-mode voltage
between the two inverters 1s large. In the conventional
technology, the maximum output power of the inverter 1s
pursued, without considering such a problem. In the method
according to the present disclosure, 1n controlling MPPT of
the inverter, the difference between direct voltages has a
higher priority than the maximum power point of MPPT.
That 1s, a larger output power 1s pursued on a premise that
the difference between direct voltages meets a predeter-
mined condition.

In the method according to the present disclosure, the
difference between the direct voltages of the imverters may
be obtained by detecting respective direct voltages of the
iverters connected in parallel, and the diflerence may be
controlled to be within the predetermined range by adjusting
the direct voltages at which the inverters operate. The
smaller the difference between the direct voltages of the
inverters 1s, the smaller the common-mode voltage difler-
ence between the inverters 1s, and the smaller the common-
mode current 1s, thus restraining the common-mode circu-
lation current between 1nverters.

It may be understood that, the inverters operate at a same
direct voltage 1n a case that the difference between the direct
voltages of the inverters 1s 0, such that there 1s no common-
mode current between the inverters. In practice, the inverters
generally operate at slightly different direct voltages. In a
case that the diflerence between the direct voltages 1s within
a predetermined range, a common-mode current correspond-
ing thereto 1s acceptable. In a case that the difference 1s
outside the predetermined range, 1t 1s indicated that the
common-mode current 1s large, which 1s a serious problem
and needs to be controlled.

Second Method Embodiment

Referring to FIG. 4, a flow chart of a control method for
photovoltaic inverters whose AC sides are connected in
parallel according to a second method embodiment of the
disclosure 1s shown.
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In the present embodiment, a case that inverters connected
in parallel are classified into host inverters and slave mvert-
ers 1s taken as an example for illustration. For example, a
first inverter 1s a host inverter and a second 1nverter 1s a slave
inverter. d

In step S401, a first direct voltage of the first inverter and
a second direct voltage of the second inverter are detected.

Specially, the host inverter transmits the first direct volt-
age of the host inverter to the slave inverter, and the slave
iverter compares the first direct voltage with the second
direct voltage of the slave inverter.

It may be understood that the inverters connected in
parallel can communicate with each other.

In step S402, an absolute value of the difference between
the first direct voltage and the second direct voltage 1s
obtained.

It may be understood that the difference may be positive
or negative. Therefore, to facilitate comparison, the absolute
value of the difference may be obtained, and the absolute »¢
value 1s directly compared with a positive predetermined
voltage.

In step S403, the direct voltage of the slave mverter 1s
adjusted based on the direct voltage of the host inverter to
control the absolute value to be smaller than the predeter- 25
mined voltage 1n a case that 1t 1s determined that the absolute
value 1s greater than the predetermined voltage.

It should be noted that, the predetermined voltage may be
set according to actual parameters of the inverters. For
example, the predetermined voltage may be set according to
the voltages at the DC sides and the voltages at the AC sides
of the mverters connected in parallel. The predetermined
voltage defines an allowable deviation range for the voltage.

Furthermore, in step S404, a carrier wave of the host
inverter needs to be controlled to be synchronized with a
carrier wave of the slave inverter, to make a phase of V01(7)
consistent with a phase of V02(7).

In the conventional technology, each of the direct voltages
of the mverters whose AC sides connected in parallel 1s 4
controlled independently. Therefore 1t 1s difhicult to keep the
amplitude of V,(t) to be consistent with the amplitude of
V,-(1). With the method according to the present disclosure,
it 1s ensured that the amplitude of V(1) 1s consistent with
the amplitude of V(). 45

In the method according to the embodiment, the slave
inverter 1s controlled to operate at a direct voltage around the
direct voltage of the host inverter based on the host inverter,
1.¢., based on the direct voltage of the host inverter. In this
way, the maximum power of the slave inverter 1s sacrificed, 50
and the slave mverter 1s controlled to follow the operation of
the host 1nverter based on the maximum power of the host
inverter. Thus the absolute value of the difference between
direct voltages of the inverters connected in parallel is
controlled to be smaller than a predetermined voltage. In this 55
way, a common-mode current between the inverters may be
controlled to be within a predetermined current range, thus
the common-mode current 1s restrained.

It may be understood that, in a case that the system
includes more than two inverters, one of the inverters 1s 60
taken as the host inverter and the other inverters are taken as
slave inverters, which has the same control principle as the
case that the system has two 1nverters, and 1s not described
here 1n detail.

In a case that multiple inverters are connected 1n parallel, 65
one of the inverters may be chosen as the host mnverter
according to a predetermined rule. For example, one of the
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inverters 1s chosen as the host inverter according to number,
an external configuration or a current output power of the
inverter.

First Apparatus Embodiment

FIG. 5 shows a schematic diagram of a control apparatus
for photovoltaic inverters whose AC sides are connected 1n
parallel according to a first apparatus embodiment of the
disclosure.

The control apparatus for photovoltaic inverters whose
AC sides are connected 1n parallel according to the embodi-
ment includes a detection unit 501, a difference obtaiming
unit 502 and a control unit 503.

The detection unit 501 1s configured to detect a first direct
voltage of the first inverter and a second direct voltage of the
second 1nverter.

It should be noted that, each inverter operates with a
respective direct voltage since DC sides of the inverter are
independent from each other.

The difference obtaining unit 502 1s configured to obtain
a difference between the first direct voltage and the second
direct voltage.

There 1s a common-mode current between two inverters 11
there 1s a difference between direct voltages of these two
inverters.

The control unit 503 i1s configured to adjust the direct
voltages of the inverters to control the difference to be within
a predetermined range.

It may be understood that, the direct voltage of each of the
inverters may be adjusted, or the direct voltage of one of the
inverters may be taken as a basis, and a direct voltage of the
other mverter may be adjusted.

The apparatus according to the present embodiment may
be arranged in the host inverter or the slave inverter, or may
be independent from the host inverter and the slave inverter.

According to the present embodiment, the difference
between the direct voltages of the mverters 1s controlled to
be within the predetermined range. It can be seen from
equation (2) that, the smaller the difference between the two
voltages 1s, the smaller the common-mode voltage differ-
ence 1s.

The device according to present embodiment obtains the
difference between the direct voltages of the inverters by
detecting respective direct voltages of the inverters con-
nected 1n parallel, and controls the difference to be within
the predetermined range by adjusting direct voltages at
which the inverters operate. The smaller the difference
between direct voltages of inverters 1s, the smaller the
common-mode voltage diflerence between the inverters 1is,
and the smaller common-mode current 1s, thus restraining
the common-mode circulation current between the inverters.

It may be understood that, the inverters operate at a same
direct voltage 1n a case that the difference between the direct
voltages of the mverters 1s 0, such that there 1s no common-
mode current between the inverters. In practice, the inverters
generally operate at different direct voltages. In a case that
the small diflerences between the direct voltages are within
the predetermined range, a common-mode current corre-
sponding thereto 1s acceptable. In a case that the differences
are outside the predetermined range, it 1s indicated that the
common-mode current 1s large, which 1s a serious problem
and needs to be controlled.

Second Apparatus Embodiment

Referring to FIG. 6, a schematic diagram of a control
apparatus for photovoltaic inverters whose AC sides are
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connected 1 parallel according to a second apparatus
embodiment of the disclosure 1s shown.

In the present embodiment, a case that the apparatus 1s
arranged 1n a slave inverter 1s taken as an example. It may
be understood that, 1n a case that there are multiple slave
inverters, each of the slave mverters includes the apparatus.

Specially, a host inverter transmuits a first direct voltage of
the host 1nverter to the slave inverter, and the slave inverter
compares the first direct voltage of the host inverter with the
second direct voltage of the slave inverter.

It may be understood that the inverters connected in
parallel can communicate with each other.

The difference obtaining unit includes an absolute value
obtaining sub-unit 5024.

The absolute obtaining sub-unit 502a 1s configured to
obtain an absolute value of the difference between the first
direct voltage and the second direct voltage.

It may be understood that the difference may be positive
or negative. Therefore, to facilitate comparison, the absolute
value of the difference may be obtained, and the absolute
value 1s directly compared with a positive predetermined
voltage.

The control unit includes a control sub-unit 503a config-
ured to adjust the direct voltages of the inverters to control
the absolute value to be smaller than a predetermined
voltage.

The control sub-unit includes a following sub-unit 503al
configured to adjust the direct voltage of the slave inverter
based on the direct voltage of the host inverter to control the
absolute value to be smaller than the predetermined voltage.

It should be noted that, the predetermined voltage may be
set according to actual parameters of the inverters. For
example, the predetermined voltage may be set according to
the voltages at the DC sides and the voltages at the AC sides
of the inverters connected in parallel. The predetermined
voltage defines an allowable deviation range for the voltage.

Furthermore, a carrier wave of the host inverter needs to
be controlled to be synchronized with a carrier wave of the
slave 1nverter, to make a phase of V,(t) consistent with a
phase of V ,(1).

In the conventional technology, each of the direct voltages
of the mverters whose AC sides connected in parallel 1s
controlled independently. Therefore 1t 1s difficult to keep the
amplitude of V, (1) to be consistent with the amplitude of
V-(1). With the method according to the present disclosure,
it 1s ensured that the amplitude of V,,(t) 1s consistent with
the amplitude of V ,(1).

The apparatus according to the present embodiment con-
trols the slave inverter to operate at a direct voltage around
the direct voltage of the host mverter based on the host
inverter, 1.¢., based on the direct voltage of the host inverter.
In this way, the maximum power of the slave inverter is
sacrificed, and the slave inverter 1s controlled to follow the
operation of the host inverter based on the maximum power
of the host inverter Thus the absolute value of the diflerence
between direct voltages of the inverters connected 1n parallel
1s controlled to be smaller than a predetermined voltage. In
this way, a common-mode current between the inverters may
be controlled to be within a predetermined current range,
thus the common-mode current 1s restrained.

It may be understood that, 1n a case that there are more
than two 1nverters, one of the inverters 1s taken as the host
inverter and the other inverters are taken as slave inverters,
which has the same control principle as the case that the
there are two 1nverters, and 1s not described here 1n detail.

In a case that multiple inverters are connected 1n parallel,
one of the inverters may be chosen as the host mnverter
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according to a predetermined rule. For example, one of the
iverters 1s chosen as the host inverter according to number,

an external configuration or a current output power of the
inverter.

First System Embodiment

FIG. 7 shows a schematic diagram of a first embodiment
of a system 1n which AC sides of photovoltaic inverters are
connected 1n parallel according to the disclosure.

The system 1n which AC sides of photovoltaic inverters
are connected 1n parallel according to the present embodi-
ment 1includes at least two 1nverters, 1.e., a first inverter 700
and a second inverter 800, where an input terminal of the
first inverter 700 1s connected with a first PV array, an input
terminal of the second inverter 800 1s connected with a
second PV array, the first PV array and the second PV array
cach have a parasitic capacitance to ground, and the first
iverter 700 1s coupled with the second mnverter 800 through
the parasitic capacitances, which forms a common-mode
loop; AC sides of the first mverter 700 and the second
inverter 800 are connected 1n parallel, and DC sides of the
first inverter 700 and the second inverter 800 are indepen-
dent from each other; and the first inverter 700 serves as a
host 1inverter, and the second inverter 800 serves as a slave
inverter.

The host mverter 700 1s configured to transmit a direct
voltage of the host mverter 700 to the slave inverter 800.

It should be noted that, each inverter operates with a
respective direct voltage since the DC sides of the inverter
are mndependent from each other.

There 1s a common-mode current between two 1nverters 1f
there 1s a difference between direct voltages of these two
inverters.

The slave inverter 800 1s configured to obtain the differ-
ence between the direct voltage of the host inverter and a
direct voltage of the slave inverter, and adjust the direct
voltage of the slave iverter to control the difference to be
within a predetermined range and to control a common-
mode voltage m the common-mode loop to be within a
predetermined common-mode voltage range.

According to the present embodiment, the difference
between direct voltages of the inverters 1s controlled to be
within the predetermined range. It can be seen from equation
(2) that, the smaller the difference between the two voltages
1s, the smaller the common-mode voltage diflerence 1s.

In the method according to the present disclosure, the
difference between the direct voltages of the mverters may
be obtained by detecting respective direct voltages of the
inverters connected in parallel, and the difference may be
controlled to be within the predetermined range by adjusting
the direct voltages at which the inverters operate. The
smaller the difference between the direct voltages of the
inverters 1s, the smaller the common-mode voltage difler-
ence between the inverters 1s, and the smaller the common-
mode current 1s, thus restraining the common-mode circu-
lation current between 1nverters.

It may be understood that, the inverters operate at a same
direct voltage in a case that the difference between the direct
voltages of the mverters 1s 0, such that there 1s no common-
mode current between the inverters. In practice, the inverters
generally operate at different direct voltages. In a case that
the diflerent direct voltages have small diflerences, a com-
mon-mode current corresponding thereto 1s acceptable. In a
case that the differences are outside the predetermined range,
it 1s indicated that the common-mode current 1s large, which
1s a serious problem and needs to be controlled.
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Furthermore, a carrier wave of the host inverter needs to
be controlled to be synchronized with a carrier wave of the
slave 1nverter, to make a phase of V,(t) consistent with a
phase of V,(t). That 1s, the synchronization of the carrier
waves 15 to keep the phase of V,, (1) to be consistent with the
phase of V,(1).

In the conventional technology, each of the direct voltages
of the mverters whose AC sides connected 1n parallel 1s
controlled independently. Therefore 1t 1s dithicult to keep the
amplitude of V,,(t) to be consistent with the amplitude of
V-(1). With the method according to the present disclosure,
it 1s ensured that the amplitude of V,,(t) 1s consistent with
the amplitude of V,,(1).

The slave iverter 1s configured to obtain an absolute
value of the difference between the direct voltage of the host
inverter and the direct voltage of the slave inverter, and
operate on the basis of the direct voltage of the host inverter,
to control the absolute value to be smaller than the prede-
termined voltage.

With the system according to the above embodiments, the
common-mode current between the inverters whose DC
sides are independent from each other, and AC sides are
connected 1n parallel 1s restrained. In addition, normal
operations of other inverters are not aflected, 1n a case that
a failure occurs on one inverter.

The foregoing embodiments are only preferred embodi-
ments of the disclosure and are not meant to limit the
disclosure. The preferred embodiments according to the
disclosure are disclosed above, and are not intended to limait
the disclosure. Those of skills 1n the art may make, based on
the disclosed method and technical content, some variations
and 1improvements on the technical solutions of the disclo-
sure, or make some equivalent variations on the embodi-
ments without departing from the scope of the techmical
solutions. All simple modifications, equivalent variations
and improvements made based on the technical essence of
the disclosure without departing from content of the tech-
nical solutions of the disclosure fall 1in the scope of the
technical solutions of the disclosure.

The 1nvention claimed 1s:

1. A control method for photovoltaic inverters whose AC
sides are connected 1n parallel, applied to a system 1n which
AC sides of imnverters are connected 1n parallel and DC sides
of the inverters are independent from each other, wherein the
system comprises at least two inverters which are a first
inverter and a second inverter, wherein an input terminal of
the first inverter 1s connected with a first PV array, an input
terminal of the second inverter 1s connected with a second
PV array, the first PV array and the second PV array each
have a parasitic capacitance to ground, and the first inverter
1s coupled with the second PV array through the parasitic
capacitances to form a common-mode loop; wherein the
method comprises:

detecting a first direct voltage of the first inverter and a

second direct voltage of the second mverter;
obtaining a difference between the first direct voltage and
the second direct voltage; and

adjusting the direct voltages of the inverters to control the

difference to be within a predetermined range and to
control a common-mode voltage in the common-mode
loop to be within a predetermined common-mode volt-
age range.

2. The control method for photovoltaic inverters whose
AC sides are connected in parallel according to claim 1,
wherein the obtaining a difference between the first direct
voltage and the second direct voltage; and adjusting the
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direct voltages of the inverters to control the difference to be
within a predetermined range comprises:

obtaining an absolute value of the diflerence between the

first direct voltage and the second direct voltage, and

adjusting the direct voltages of the inverters to control

the absolute value to be smaller than a predetermined

voltage.

3. The control method for photovoltaic inverters whose
AC sides are connected in parallel according to claim 2,
wherein the first inverter i1s a host inverter, and the second
inverter 1s a slave inverter; and

the control the absolute value to be smaller than the

predetermined voltage comprises:

adjusting the direct voltage of the slave inverter based on

the direct voltage of the host inverter to control the
absolute value to be smaller than the predetermined
voltage.

4. The control method for photovoltaic mverters whose
AC sides are connected 1n parallel according to claim 1,
wherein before recerving the direct voltage of the host
inverter transmitted from the host inverter, the method
further comprises:

controlling a carrter wave of the host imverter to be

synchronized with a carrier wave of the slave inverter
to control a phase of the common-mode voltage to be
within a predetermined phase range.

5. A control apparatus for photovoltaic mverters whose
AC sides are connected 1n parallel, comprising: a detection
unit, a difference obtaining unit and a control umt, wherein

the detection umit 1s configured to detect a first direct

voltage of the first inverter and a second direct voltage
of the second 1nverter:;

the difference obtaining umt 1s configured to obtain a

difference between the first direct voltage and the
second direct voltage; and

the control unit 1s configured to adjust the direct voltages

of the mverters to control the difference to be within a
predetermined range.

6. The control apparatus for photovoltaic inverters whose
AC sides are connected 1n parallel according to claim 5,
wherein the difference obtaining unit comprises an absolute
value obtaining sub-unit;

wherein the absolute value obtaining sub-unit 1s config-

ured to obtain an absolute value of the difference
between the first direct voltage and the second direct
voltage; and

the control unit comprises a control sub-unit configured to

adjust the direct voltages of the inverters to control the
absolute value to be smaller than a predetermined
voltage.

7. The control apparatus for photovoltaic inverters whose
AC sides are connected in parallel according to claim 6,
wherein the control sub-unit comprises a following sub-unit
configured to adjust a direct voltage of a slave inverter based
on a direct voltage of a host inverter to control the absolute
value to be smaller than the predetermined voltage.

8. A photovoltaic inverter system 1n which AC sides of
inverters are connected 1n parallel, comprising: at least two
inverters which are a first inverter and a second inverter,
wherein an mput terminal of the first inverter 1s connected
with a first PV array, an input terminal of the second inverter
1s connected with a second PV array, the first PV array and
the second PV array each have a parasitic capacitance to
ground, and the first inverter 1s coupled with the second
inverter through the parasitic capacitances to form a com-
mon-mode loop;
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wherein the AC side of the first inverter and the AC side
of the second 1nverter are connected 1n parallel, and a
DC side of the first inverter 1s mndependent from a DC
side of the second inverter;

wherein the first inverter functions as a host inverter, and 5

the second 1nverter functions as a slave inverter:;
wherein the host inverter 1s configured to transmuit a direct
voltage of the host inverter to the slave iverter;

wherein the slave inverter 1s configured to obtain a

difference between the direct voltage of the host 10
iverter and a direct voltage of the slave mverter, and
adjust the direct voltage of the slave inverter to control
the difference to be within a predetermined range and

to control a common-mode voltage in the common-
mode loop to be within a predetermined common-mode 15
voltage range.

9. The photovoltaic mnverter system 1n which AC sides of
iverters are connected in parallel according to claim 8,
wherein a carrier wave of the host inverter 1s controlled to
be synchronized with a carrier wave of the slave inverter to 20
control a phase of the common-mode voltage to be within a
predetermined phase range.

10. The photovoltaic inverter system 1n which AC sides of
inverters are connected in parallel according to claim 8,
wherein the slave imnverter 1s configured to obtain an absolute 25
value of the difference between the direct voltage of the host
inverter and the direct voltage of the slave iverter, and
adjust the direct voltage of the slave iverter based on the
direct voltage of the host inverter to control the absolute
value to be smaller than a predetermined voltage. 30
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